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(57) ABSTRACT 

Correction lenses are driven by a lengthWise-direction actua 
tor in order to correct a tremble of a focused image in the 
lengthwise direction. A rotational motion of the lengthWise 
direction actuator is transmitted to the correction lenses 
through a lengthWise-direction direct drive mechanism. A 
previous rotational direction of a motor of the lengthWise 
direction actuator is memoriZed. It is judged that a rotational 
direction of the motor for correcting the tremble is the same 
as or the reverse of the previous rotational direction. If the 
rotational directions are the reverse, a driving pulse amount 
of the motor is adjusted such that a pulse count for canceling 
a play of engaging portions of the lengthWise-direction 
direct drive mechanism is included. With respect to correct 
ing the tremble in the lateral direction; the same operation as 
described above is performed. 
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TREMBLE PREVENTING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a tremble preventing 
device mounted in an optical device, for example, binocu 
lars. 

2. Description of the Related Art 

Conventionally, an optical device, for example, 
binoculars, is provided With a tremble preventing device 
Which corrects a tremble of a focused image due to camera 
shake and so on. In the tremble preventing device, correction 
optical systems are moved by a predetermined amount such 
that a movement of the optical device is canceled, enabling 
the tremble of the focused image to be corrected. Direct 
drivetype actuators that include a stepping motor are utiliZed 
as a driving device of the correction optical systems. A 
rotational motion of the stepping motor is transmitted to the 
correction optical systems, after being converted to a tWo 
dimensional rectilinear motion of the correction optical 
systems by a transmitting mechanism, on a plane perpen 
dicular to optical axes of the correction optical systems. 
A driving amount of the correction optical systems cor 

responding to one rotation step of the stepping motor is 
determined due to an angular degree through Which one 
rotation of the stepping motor moves and a construction of 
the transmitting mechanism. Accordingly, the driving 
amount of the correction optical systems can be controlled 
by a step amount of the stepping motor, so that a position of 
the correction optical systems can be easily determined. 

For example, a gear mechanism or a screW mechanism is 

utiliZed as the transmitting mechanism. HoWever, play exists 
in the engaging portion of such a gear mechanism and a 
screW mechanism. Thus, When a direction of drive of the 
engaging portion is reversed, an initial rotational motion of 
the stepping motor is spent in taking-up the backlash, and is 
not transmitted to the correction optical systems. 

Namely, even if the stepping motor is driven by pulses 
calculated based on a trembling amount of the focused 
image, the correction optical systems are not accurately 
driven due to the aforementioned backlash. In order to 
prevent the inaccurate driving due to the backlash, a spring 
member may be mounted, urging the engaging portion in a 
predetermined direction such that a positional engagement 
remains unchanged at all times When the driving operation 
starts. 

HoWever, the mounting of the spring member causes an 
increase in a number of members in the optical device, a rise 
in a manufacturing cost, and an enlargement in an overall 
siZe and Weight of the optical device. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a tremble preventing device that drives correction optical 
systems accurately Without backlash. 

In accordance With an aspect of the present invention, 
there is provided a tremble preventing device comprising: a 
detector that detects an amount of an optical device tremble; 
correcting optical systems that correct a tremble of a focused 
image due to the optical device tremble; driving systems that 
include an actuator and a transmitting mechanism that 
transmits a motion of the actuator to the correction optical 
systems, the driving systems driving the optical systems 
along a predetermined axis on a plane perpendicular to 
optical axes of the correction optical systems; and a con 
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troller that controls the driving systems such that a difference 
betWeen the amount of the optical device tremble detected 
by the detector and positional data of the optical systems is 
canceled. 
When the correction optical systems are moved in a 

moving direction opposite a previous moving direction in 
Which the correction optical systems Were previously 
moved, the controller controls the driving systems such that 
a backlash of the transmitting mechanism and the difference 
is canceled. 
The controller comprises: an operator that operates a 

driving amount and a driving direction of the actuator 
Whereby the correction optical Systems are moved such that 
the difference is canceled; and a driving direction checker 
that judges Whether the driving direction of the actuator 
changes from a previous driving direction of the actuator. 
When the driving direction checker judges that the driving 

direction changes, the operator calculates the driving 
amount of the actuator that includes a backlash driving 
amount component compensating the backlash. 
The optical device further comprises a memory that stores 

the backlash driving amount component. When the driving 
direction checker determines that the driving direction 
changes, the operator reads the backlash driving amount 
component from the memory, and adjusts the driving 
amount of the actuator by the backlash driving amount 
component to cancel. 
When the previous moving direction is a ?rst direction 

along the predetermined axis and the moving direction is a 
second direction that is prolonged at an angle of 180 degrees 
against the ?rst direction, being along the predetermined 
axis, the operator adds the backlash driving amount com 
ponent to the driving amount that cancels the difference, and 
When the previous direction is the second direction and the 
opposite direction is the ?rst direction, the operator subtracts 
the backlash driving amount component from the driving 
amount that cancels the difference. 
The memory comprises a nonvolatile memory that is 

erasable and programable, and the actuator comprises a 
stepping motor. Arotational motion of the stepping motor is 
converted to a rectilinear motion by the transmitting mecha 
nism. 

For example, the transmitting mechanism comprises: a 
gear that is ?xedly mounted on a free end of a rotational 
shaft of the stepping motor, opposite a journal of the 
rotational shaft; and a rack that is ?xed on a supporting 
member of the correction optical systems, engaging the gear. 

Further, for example, the transmitting mechanism com 
prises: a screW portion that is ?xedly mounted on a tip of a 
rotational shaft of the stepping motor; and a nut portion that 
is ?xed on a supporting member of the optical systems, 
engaging the screW portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conceptional vieW shoWing relational positions 
of optical systems of binoculars to Which a ?rst embodiment 
according to the present invention is applied; 

FIG. 2 is a front vieW of a lens supporting frame of the 
?rst embodiment; 

FIG. 3 is an enlarged sectional vieW of a holding member; 
FIG. 4 is a sectional side vieW of the lens supporting 

frame of the ?rst embodiment; 
FIG. 5 is a block diagram of a tremble preventing device 

of the ?rst embodiment; 
FIG. 6 is a ?oWchart a main routine of a tremble prevent 

ing operation performed in the ?rst embodiment; 
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FIG. 7 is a ?owchart indicating a power off procedure in 
the main routine; 

FIG. 8 is a ?owchart indicating a tremble preventing 
sWitch off procedure in the main routine; 

FIG. 9 is a ?oWchart indicating a beginning part of a 
procedure of a tremble preventing operation in a lengthWise 
direction; 

FIG. 10 is a ?oWchart indicating a main part of the 
procedure of the tremble preventing operation in the length 
Wise direction; 

FIG. 11 is a ?oWchart indicating a beginning part of a 
procedure of a tremble preventing operation in a lateral 
direction; 

FIG. 12 is a ?oWchart indicating a main part of the 
procedure of the tremble preventing operation in the lateral 
direction; 

FIG. 13 is a front vieW of a lens supporting frame, to 
Which a second embodiment according to the present inven 
tion is applied; and 

FIG. 14 is a sectional side vieW of the lens supporting 
frame of the second embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will noW be described With refer 
ence to embodiments shoWn in the draWings. 

FIG. 1 is a typical vieW shoWing relational positions of 
optical systems of binoculars to Which a ?rst embodiment 
according to the present invention is applied. In a ?rst 
optical system 10, after passing through a ?rst objective lens 
21 and a ?rst correction lense 31, re?ected light from an 
object is directed to a ?rst eyepiece 51 through a ?rst 
erecting prism 41. In a second optical system 11, after 
passing through a second objective lens 22 and a second 
correction lense 32, the re?ected light is directed to a second 
eyepiece 52 through a second erecting prism 42. 

The ?rst and second correction lenses 31 and 32 are 
unitarily supported by a lens supporting frame 30. The 
relational position betWeen each element of the ?rst and 
second optical systems 31 and 32 is adjusted such that an 
optical aXis OP1 of the ?rst optical system 10 and an optical 
aXis OP2 of the second optical system 11 are aligned in 
parallel. 

Note that, in this speci?cation, a “lateral direction” means 
a direction parallel to a standard plane on Which the optical 
aXes OP1 and OP2 lie, being perpendicular to the optical 
aXes OP1 and OP2, and a “lengthWise direction” means a 
direction perpendicular to the standard plane. Namely, While 
the binoculars are held in a standard position, the lateral 
direction corresponds to a horiZontal direction and the 
lengthWise-direction corresponds to a vertical direction. 

Further, a “lengthWise-direction moving center position” 
means a position of the lens supporting frame 30 When 
optical aXes of the correction lenses 31 and 32 lie on the 
standard plane. Furthermore, a “lateral-direction moving 
center position” means a position of the lens supporting 
frame 30 When the optical aXis of the correction lens 31 lies 
on a plane, Which is perpendicular to the standard plane and 
on Which the optical aXis OP1 lies, and the optical aXis of the 
correction lens 32 lies on a plane Which is perpendicular to 
the standard plane and on Which the optical aXis OP2 lies. 

Namely, When the lens supporting frame 30 is disposed at 
the lengthWise-direction moving center position and also at 
the lateral-direction moving center position, the optical aXes 
of the correction lenses 31 and 32 are respectively coaXial 
With the optical aXes OP1 and OP2. 
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4 
FIG. 2 is a front vieW of the lens supporting frame 30, 

vieWed on the side of the ?rst and second objective lenses 21 
and 22. The lens supporting frame 30 includes a lengthWise 
direction driving frame 301 and a lateral-direction driving 
frame 302. 
The lengthWise-direction driving frame 301 is a ?at 

board. An opening portion is formed in a center of the 
driving frame 301. Namely, the driving frame 301 is a 
doughnut-shaped board. The driving frame 301 is supported 
by holding members 310 mounted in a ?ange 1a, Which is 
unitarily formed on an inner Wall 1 of the binoculars, to be 
slidable in the lengthWise direction so that the driving frame 
301 When driven is led in the lengthWise direction. 

The driving frame 302 is a ?at board Which unitarily holds 
the correction lenses 31 and 32, and is disposed in the 
opening of the driving frame 301. The driving frame 302 is 
supported by holding members 320 mounted in the driving 
frame 301, and is slidable in the lateral direction so that the 
driving frame 302 When driven is led in the lateral direction. 

FIG. 3 is a sectional side vieW of the holding member 320. 
The holding member 320 comprises a screW 321, a nut 322 
and a pair of Washers 323. A shaft 321a of the screW 321 is 
received in a hole 301a formed in the lengthWise-direction 
driving frame 301. A thread is formed on the shaft 321a. The 
nut 322 is threadingly engaged on a free end of the shaft 
321a, opposite a head 321b of the screW 321. One Washer 
323 is mounted betWeen the head 321b and the driving frame 
301, and another Washer 323 is mounted betWeen the nut 
322 and the driving frame 301. 

The radii of the Washers 323 are greater than the length 
betWeen a side surface of the driving frame 301, Which is in 
contact With the side surface of the lateral-direction driving 
frame 302 and a longitudinal central aXis of the shaft 321a. 
Namely, a perimeter portion of the driving frame 302 is 
lightly clamped by the pair of the Washers 323, so that the 
driving frame 302 is partially interposed betWeen the pair of 
Washers 323. Accordingly, movement of the driving frame 
302 parallel to the optical aXes OP1 and OP2 is restrained, 
being led in the lateral direction When driven. 

The holding member 310 (see FIG. 2) has a similar 
construction to that of the holding member 320. A shaft of 
a screW 311 is received in a hole formed in the ?ange 1a, and 
a nut (omitted in FIG. 2) is screWed on a free end of the 
shaft, opposite a head of the screW 311. One Washer 313 (see 
FIG. 2) is mounted betWeen the head of the screW 311 and 
the ?ange 1a, and another Washer (not shoWn) is mounted 
betWeen the nut and the ?ange 1a. A perimeter of the 
lengthWise-direction driving frame 301 is lightly clamped by 
the Washers 313. Namely, similarly to the lateral-direction 
driving frame 302, the lengthWise-direction driving frame 
301 is held by the Washers 313 so as not to move in a 
direction parallel to the optical aXes OP1 and OP2. 
The perimeter of the lengthWise-direction driving frame 

301, mounted in the ?ange la, is lightly clamped by the pair 
of Washers 313 of the holding member 310, With the 
perimeter portion of the driving frame 302, mounted in the 
opening of the frame 301, being lightly clamped by the pair 
of the Washers 323 of the holding member 320. Namely, the 
?ange 1a and the frames 301, 302 are formed so that the 
thickness of the ?ange 1a, along the optical aXes OP1 and 
OP2, is larger than the thickness of the frame 301, along the 
optical aXes OP1, OP2, and the thickness of the frame 301 
is larger than the thickness of the frame 302, along the 
optical aXes OP1 and OP2. 

Further, a difference betWeen the thickness of the ?ange 
1a and the thickness of the driving frame 301 is small, such 
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that the movement of the driving frame 301 in the length 
Wise direction is unaffected by friction betWeen the pair of 
Washers 313 and the driving frame 301, and the movement 
of the driving frame 301 parallel to the optical axes OP1 and 
0P2 is negligible. 

Furthermore, a difference betWeen the thickness of the 
driving frame 301 and the thickness of the driving frame 302 
is small, such that the movement of the driving frame 302 in 
the lateral direction is unaffected by friction betWeen the pair 
of Washers 323 and the driving frame 302, and the move 
ment of the driving frame 302 parallel to the optical axes 
OP1, 0P2 is negligible. 

FIG. 4 is a sectional side vieW taken in the direction of the 
arroWs substantially along the line A—A of FIG. 2. Actua 
tors of the ?rst embodiment Will be explained, With refer 
ence to FIGS. 2 and 4. 

A lengthWise-direction actuator 330 is placed at a loWer 
end portion of the driving frame 301, on a side of the ?rst 
and second objective lenses 21 and 22. The lengthWise 
direction actuator 330 is a stepping motor, being ?xed on the 
?ange 1a by a ?rst ?xing member 334. A lengthWise 
direction direct-drive mechanism 332 is connected to the 
lengthWise-direction actuator 330. The direct drive mecha 
nism 332 comprises a lengthWise-direction pinion gear 332a 
and a lengthWise-direction rack 332b. The pinion gear 332a 
is ?xedly mounted on a free end of a rotating shaft 331 of 
the lengthWise-direction actuator 330, opposite the journal. 
The rack 332b is ?xed on the loWer end of the driving frame 
301, and engages the pinion gear 332a. 
A lateral-direction actuator 340 is placed at an upper end 

portion of the driving frame 301, on the side of the ?rst and 
second objective lenses 21 and 22. The lateral-direction 
actuator 340 is a stepping motor, being ?xedly on the driving 
frame 301 by a second ?xing member 344. A lateral 
direction direct-drive mechanism 342 is connected to the 
lateral-direction actuator 340. The direct drive mechanism 
342 comprises a lateral-direction pinion gear 342a and a 
lateral-direction rack 342b. The pinion gear 342a is ?xed 
mounted on a free end of a rotating shaft 341 of the 
lateral-direction actuator 340, opposite the journal. The rack 
342b, Which engages the pinion gear 342a, is ?xed on the 
upper end of the driving frame 302, and is disposed betWeen 
the ?rst and second correction lenses 31 and 32. 

Namely, the lengthWise-direction direct-drive mechanism 
332 transmits a rotational motion of the actuator 330 to the 
driving frame 301, converting the rotational motion to 
rectilinear motion in the lengthWise direction, and the 
lateral-direction direct-drive mechanism 342 transmits a 
rotational motion of the actuator 340 to the driving frame 
302, converting the rotational motion to rectilinear motion 
along in the lateral direction. Accordingly, the driving frame 
301 is driven in accordance With the rotation of the actuator 
330 in the lengthWise direction, and the driving frame 302 
is driven in accordance With the rotation of the actuator 340 
in the lateral direction. Further, note that, in FIG. 2, the 
lengthWise-direction actuator 330, the lateral-direction 
actuator 340, the ?rst ?xing member 334 and the second 
?xing member 344 are indicated With broken lines in order 
to explicitly shoW the engagement of the pinion gears (332a, 
342a) and the racks (332b, 342b). 

In FIG. 2, vieWing from the side of the objective lenses 21 
and 22, When the lengthWise-direction actuator 330 rotates 
clockWise, the pinion gear 332a also rotates clockWise. The 
clockWise rotation of the pinion gear 332a is transmitted to 
the driving frame 301 via the rack 332b. As described above, 
the driving frame 301 is slidably supported by the ?ange 1a. 
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6 
Therefore, the driving frame 301 is driven doWnWardly in a 
direction y2. Similarly, When the actuator 330 rotates 
counterclockWise, the pinion gear 332a also rotates coun 
terclockWise. The counterclockWise rotation of the pinion 
gear 332a is transmitted to the driving frame 301 via the rack 
332b, so that the driving frame 301 is driven upWardly in a 
direction y1. 

In FIG. 2, When the lateral-direction actuator 340 rotates 
clockWise, the pinion gear 342a also rotates clockWise. The 
clockWise rotation of the pinion gear 342a is transmitted to 
the driving frame 302 via the rack 332b. As described above, 
the driving frame 302 is slidably supported in the opening 
portion of the driving frame 301. Therefore, the driving 
frame 302 is driven in a direction from the ?rst correction 
lens 31 to the second correction lens 32, ie in a direction x2. 
Similarly, When the actuator 340 rotates counterclockWise, 
the pinion gear 342a also rotates counterclockWise. The 
counterclockWise rotation of the pinion gear 342a is trans 
mitted to the driving frame 302 via the rack 342b, so that the 
driving frame 302 is driven in a direction from the second 
correction lens 32 to the ?rst correction lens 31, ie in a 
direction x1. 

As shoWn in FIG. 2, a lengthWise-direction reset position 
detecting sensor 350 is ?xed close to an upper left portion of 
the lengthWise-direction driving frame 301. The reset posi 
tion detecting sensor 350 is a transmission-type photo 
interrupter including a light-emitting element and a photo 
receptor element, facing each other With a predetermined 
interval therebetWeen. 
A lengthWise-direction reset position detecting piece 351 

is ?xed an upper left portion of the ?ange 1a. The reset 
position detecting piece 351 passes betWeen the light 
emitting element and the photo-receptor element according 
to the movement of the driving frame 301. The reset position 
detecting piece 351 is disposed such that a signal outputted 
from the reset position detecting sensor 350 changes When 
optical axes of the correction lenses 31 and 32 lie on the 
standard plane. Namely, the signal outputted from the reset 
position detecting sensor 350 changes When the lens sup 
porting frame 30 is place at the lengthWise-direction moving 
center position. 
As shoWn in FIG. 2, a lateral-direction reset position 

detecting sensor 360 is ?xed in close proximity to the second 
correction lens 32 at an upper left portion of the lateral 
direction driving frame 302. The reset position detecting 
sensor 360, similar to the reset position detecting sensor 350, 
is a transmission-type photo-interrupter. 
A lateral-direction reset position detecting piece 361 is 

?xed betWeen the second ?xing member 344 and the 
lengthWise-direction reset position detecting sensor 350, at 
the upper left portion of the driving frame 301. The reset 
position detecting piece 361 passes betWeen the light 
emitting element and the photo-receptor element of the reset 
position detecting sensor 360 according to the movement of 
the driving frame 302. 
The reset position detecting piece 361 is disposed such 

that a signal, outputted from the reset position detecting 
sensor 360, changes When the optical axis of the correction 
lens 31 lies on the plane Which is perpendicular to the 
standard plane and on Which the optical axis OP1 lies, and 
the optical axis of the correction lens 32 lies on the plane 
Which is perpendicular to the standard plane and on Which 
the optical axis 0P2 lies. Namely, the signal outputted from 
the reset position detecting sensor 360 changes When the 
lens supporting frame 30 is at the lateral-direction moving 
center position. 
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As described above, in the ?rst embodiment, the 
lengthWise-direction driving frame 301 and the lateral 
direction driving frame 302 are united in the lens holding 
frame 30. Further, a driving mechanism of the correction 
lenses 31, 32, including the direct-drive mechanisms 332, 
342, the reset position detecting sensors 350, 360 and the 
reset position detecting pieces 351, 361, is formed as one 
unit. Accordingly, the driving mechanism is easily mount 
able in the binoculars 

In the reset position detecting mechanisms (350, 351, 360, 
361) of the ?rst embodiment: the reset position detecting 
piece 351 is ?xed on the ?ange 1a Which is unmovable in the 
lengthWise direction and the transmission-type photo 
interrupter 350 is ?xed on the driving frame 301 Which is 
movable in the lengthWise direction; and the reset position 
detecting piece 361 is ?xed on the driving frame 301 Which 
is unmovable in the lateral direction and the transmission 
type photo-interrupter 360 is ?xed on the driving frame 302 
Which is movable in the lateral direction. 

HoWever, it is possible to reverse the positional relation 
ships betWeen the reset position detecting pieces and the 
transmission-type photo-interrupters. The transmission-type 
photo-interrupter 350 may be ?xed on the ?ange 1a and the 
reset position detecting piece 351 may be ?xed on the 
driving frame 301 such that the reset position detecting piece 
351 moves With the driving frame 301. Also, the 
transmission-type photo-interrupter 360 may be ?xed on the 
driving frame 301 and the reset position detecting piece 361 
may be ?xed on the driving frame 302 such that the reset 
position detecting piece 361 moves With the driving frame 
302. 

Namely, the reset position detecting mechanisms (350, 
351, 360, 361) may have such a construction that the 
positional relationship betWeen the reset position detecting 
pieces (351, 361) and the transmission-type photo 
interrupters (350, 360) are changed With respect to the 
driving frame utiliZed (301, 302), Whereby the output signal 
of the transmission-type photo-interrupters (350, 360) 
change. 

Further, in the ?rst embodiment, the transmission-type 
photo-interrupters (350, 360) are utiliZed as the reset posi 
tion detecting sensors. HoWever, re?ection-type photo 
interrupters (photo-re?ectors), in Which a photo-receptor 
element detects re?ected light from an object, can be uti 
liZed. The photo-receptor elements and light-emitting ele 
ments are disposed such that a light emitting surface of the 
light-emitting elements and a light receiving surface of the 
photo-receptor elements face in a same direction, and reset 
position detecting pieces are respectively placed, facing the 
light emitting surfaces and the light receiving surfaces. The 
positional relationship betWeen the re?ection-type photo 
interrupters and the reset position detecting pieces is con 
?rmed based on Whether light emitted from the light 
emitting elements is incident on the photo-receptor 
elements. Accordingly, it is judged Whether the driving 
frames (301, 302) are at the reset positions. 

Furthermore, similar to the case in Which the 
transmission-type photo-interrupters (350, 360) are utiliZed, 
the re?ection-type photo-interrupters and the pieces may be 
disposed such that the positional relationships betWeen the 
re?ection-type photo-interrupters and the pieces change 
With respect to the driving frame utiliZed (301, 302). 

Namely, With respect to the reset position detecting 
mechanism in the lengthWise direction, the piece may be 
?xed on the ?ange 1a and the re?ection-type photo 
interrupter may be ?xed on the driving frame 301; or the 
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piece may be ?xed on the driving frame 301 and the 
re?ection-type photo-interrupter may be ?xed on the ?ange 
1a. Also, With respect to the reset position detecting mecha 
nism in the lateral direction, the piece may be ?xed on the 
driving frame 301 and the re?ection-type photo-interrupter 
may be ?xed on the driving frames 302; or the piece may be 
?xed on the driving frame 302 and the re?ection-type 
photo-interrupter may be ?xed on the driving frame 301. 

Note that, in the ?rst embodiment, a “lengthwise-direction 
reset position” means a position of the lengthWise-direction 
driving frame 301 When the signal outputted from the 
lengthWise-direction reset position detecting sensor 350 
changes, and a “lateral-direction reset position” means a 
position of the lateral-direction driving frame 302 When the 
signal outputted from the lateral-direction reset position 
detecting sensor 360 changes. 

In other Words, the driving frames (301, 302), the position 
detecting sensors (350, 360) and the position detecting 
pieces (351, 360) are inter-relatedly disposed such that the 
lengthWise-direction reset position is a position of the 
lengthWise-direction driving frame 301 Which is placed at 
the lengthWise-direction moving center position, and the 
lateral-direction reset position is a position of the lateral 
direction driving frame 302 Which is placed at the lateral 
direction moving center position. 

Accordingly, the lengthWise-direction reset position coin 
cides With the lengthWise-direction moving center position, 
and the lateral-direction reset position coincides With the 
lateral-direction moving center position. 

FIG. 5 is a block diagram of the tremble preventing device 
of the ?rst embodiment. A lengthWise-direction angular 
speed sensor 110 detects a vector and an angular speed of a 
trembling in the lengthWise direction, and a lateral-direction 
angular speed sensor 120 detects a vector and an angular 
speed of a trembling in the lateral direction, While the 
binoculars are being held by a user. 

A lengthWise-direction sensor ampli?er 111 is connected 
to the angular speed sensor 110, amplifying the lengthWise 
direction angular speed outputted from the angular speed 
sensor 110. The ampli?ed lengthWise-direction angular 
speed, outputted from the sensor ampli?er 111, is inputted to 
a controller 100. The controller 100 is, for example, a micro 
computer. Similarly, a lateral-direction sensor ampli?er 121 
is connected to the angular speed sensor 120, amplifying the 
lateral-direction angular speed outputted from the angular 
speed sensor 120. The ampli?ed lateral-direction angular 
speed outputted from the sensor ampli?er 121 is inputted to 
the controller 100. 

In the controller 100, the lengthWise-direction angular 
speed and the lateral-direction angular speed are respec 
tively converted to digital values, based on a predetermined 
synchronous signal. Each digital value is subjected to 
integration, so that a lengthWise-direction angular displace 
ment signal and a lateral-direction angular displacement 
signal, respectively corresponding to an amount of camera 
shake in each of the directions, are calculated. Based on the 
lengthWise-direction angular displacement signal, a 
lengthWise-direction driving amount of the lens supporting 
frame 30 in a plane perpendicular to the optical axes OP1 
and 0P2, ie a driving step number of the motor of the 
lengthWise-direction actuator 330 (pulse number inputted to 
the motor), is calculated. Similarly, based on the lateral 
direction angular displacement signal, a lateral-direction 
driving amount of the lens supporting frame 30 in a plane, 
ie a driving stop number of the motor of the lateral 
direction actuator 340, is calculated. 
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The actuator 330 is rotated based on the pulse number 
outputted from the controller 100. The rotational motion of 
the actuator 330 is transmitted to the lens supporting frame 
30 through the lengthWise-direction direct-drive mechanism 
332, so that the lens supporting frame 30 is moved in the 
lengthWise-direction. Similarly, the actuator 340 is rotated 
based on the pulse number outputted from the controller 
100. The rotational motion of the actuator 340 is transmitted 
to the lens supporting frame 30 through the lateral-direction 
direct-drive mechanism 342, so that the lens supporting 
frame 30 is moved in the lateral-direction. 

The lengthWise-direction reset position detecting sensor 
350 and the lateral-direction reset position detecting sensor 
360 are connected to the controller 100. When the lens 
supporting frame 30 is placed at the lengthWise-direction 
reset position, the signal outputted from the reset position 
detecting sensor 350 changes. When the lens supporting 
frame 30 is placed at the lateral-direction reset position, the 
signal outputted from the reset position detecting sensor 360 
changes. Both signals are inputted to the controller 100. The 
controller 100 judges Whether the lens supporting frame 30 
is placed at the lengthWise-direction and lateral-direction 
reset positions, by detecting the change of each signal. 

Further, an EEPROM 101 is connected to the controller 
100. The differences betWeen the reset position and the 
moving center position, With respect to the lengthWise 
direction and the lateral direction, are stored in the 
EEPROM 101. As described above, from the vieWpoint of 
design, the lengthWise-direction reset position coincides 
With the lengthWise-direction moving center position, and 
the lateral-direction reset position coincides With the lateral 
direction moving center position. HoWever, the differences 
are generated due to, for example, a tolerance in processing. 
Therefore, after reading out the differences, stored in the 
EEPROM 101, the controller 100 outputs predetermined 
pulse numbers to the lengthWise-direction and the lateral 
direction actuators 330 and 340, based on the differences, 
such that the lens supporting frame 30 is moved from the 
reset position to the moving center position With respect to 
the lengthWise direction and the lateral direction. 

Note that, the EEPROM 101 is a nonvolatile memory, 
Which is erasable and programable. As the nonvolatile 
memory 101 is programable, unique values of the above 
mentioned differences can be set in accordance With a 
characteristic of each pair of binoculars. Further, even if the 
above-mentioned differences change due to prolonged uti 
liZation of the binoculars over many years, the values can be 
updated, as the nonvolatile memory 101 is erasable and 
programable. Furthermore, as data, stored in the nonvolatile 
memory 101, is memoriZed after the supply of the poWer is 
stopped, it is unnecessary to provide a battery for back-up. 
Namely, the EEPROM 101 is most suitable for a memory of 
the tremble preventing apparatus, in Which the above 
mentioned differences are stored. 

The procedure of the tremble prevention according to the 
?rst embodiment Will be eXplained referring to FIGS. 6 
through 10. Note that, in the ?rst embodiment, the lens 
supporting frame 30 is moved by about 5 pm in accordance 
With one step rotation of the stepping motors; and the 
backlash of the direct-drive mechanism is about 10 pm. 
Accordingly, in the ?rst embodiment, the backlash is can 
celed by tWo step rotations of the stepping motor. Further, in 
the ?rst embodiment, the value of the step rotation for 
canceling the backlash is stored in the EEPROM 101. When 
the driving amount of the stepping motor is calculated, the 
value is read out from the EEPROM 101 by the controller 
100, as described below. 
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FIG. 6 is a ?oWchart of a main routine of the tremble 

preventing operation of the ?rst embodiment, FIG. 7 is a 
?oWchart indicating a procedure in the main routine for 
poWering off the binoculars, and FIG. 8 is a ?oWchart 
indicating a procedure in the main routine for turning off a 
tremble-preventing-sWitch. 

In FIG. 6, When a poWer sWitch of the binoculars is 
pressed and poWer is supplied to the controller 100, the main 
routine is started. In step S400, the difference betWeen the 
reset position and the moving center position and the driving 
stop mount of the motor for canceling the play of the 
engaging portion, With respect to the lengthWise direction 
and the lateral direction, are respectively read out from the 
EEPROM 101. 

In stop S401, the motor of the lengthWise-direction actua 
tor 330 and the motor of the lateral-direction actuator 340 
are driven such that the lengthWise-direction driving frame 
301 and the lateral-direction driving frame 302 are respec 
tively disposed at the reset positions. Then, in step S402, 
based on the difference betWeen the reset positions and the 
moving center positions, the actuators 330 and 340 are 
driven, so that the lens supporting frame 30 is moved to be 
disposed at the lengthWise-direction moving center position 
and the lateral-direction moving center position. 

In step S403, ?ags F1 and F2 are set to a predetermined 
value. The ?ag F1 indicates the rotational direction of the 
motor of the lengthWise-direction actuator 330, and the ?ag 
F2 indicates the rotational direction of the motor of the 
lengthWise-direction actuator 340. When the motor of the 
actuator 330 is rotated clockWise vieWed in the direction of 
FIG. 2 in order to drive the lens supporting frame 30 to the 
lengthWise-direction moving center position, driving the 
lens supporting frame 30 in the direction y2 (the doWn 
direction, namely a negative direction), the ?ag F1 is set to 
“+1”. Similarly, When the motor of the actuator 330 is 
rotated counterclockWise vieWed in the direction of FIG. 2, 
driving the lens supporting frame 30 in the direction y1 (the 
up direction, namely a positive direction), the ?ag F1 is set 
to “—1”. 

Further, When the motor of the actuator 340 is rotated 
clockWise vieWed in the direction of FIG. 2 in order to drive 
the lens supporting frame 30 to the lateral-direction moving 
center position, driving the lens supporting frame 30 in the 
direction x2 (the left direction, namely a negative direction), 
the ?ag F2 is set to “+1”. Similarly, When the motor of the 
actuator 340 is rotated counterclockWise vieWed in the 
direction of FIG. 2, driving the lens supporting frame 30 in 
the direction X1 (the right direction, namely a positive 
direction), the ?ag F2 is set to “—1”. 

Then, in step S404, the state of the poWer sWitch is 
detected. If the poWer sWitch is OFF, the process goes to the 
procedure of FIG. 7. 

In FIG. 7, step S411, the motors of the lengthWise 
direction actuator 330 and the lateral-direction actuator 340 
are respectively driven such that the lengthWise-direction 
driving frame 301 and the lateral-direction driving frame 
302 are respectively disposed at the reset positions. In step 
S412, the motors of the actuators 330 and 340 are respec 
tively driven based on the differences betWeen the reset 
positions and the moving center positions read out from the 
EEPROM 101, so that the lens driving frame 30 is driven to 
the lengthWise-direction moving center position and the 
lateral-direction moving center position. 

Then, in step S413, the motors of the lengthWise-direction 
actuator 330 and the lateral-direction actuator are stopped. In 
step S414, the supply of the poWer is stopped and the process 
ends. 
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On the other hand, if the power switch is ON in step S404 
of FIG. 6, the process goes to step S405. In step S405, the 
state of the tremble preventing switch is detected. If the 
tremble preventing switch is OFF, the process goes to the 
?owchart of FIG. 8. If the tremble preventing switch is ON, 
the process goes to step S406. 

In step S421 of FIG. 8, the motors of the lengthwise 
direction actuator 330 and the lateral-direction actuator 340 
are respectively driven such that the lengthwise-direction 
driving frame 301 and the lateral-direction driving frame 
302 are respectively disposed at the reset positions. In step 
S422, similarly to the operation of step S412, the motors of 
the actuators 330 and 340 are respectively driven, so that the 
lens driving frame 30 is driven to the lengthwise-direction 
moving center position and the lateral-direction moving 
center position. 

In step S423, the ?ag F1 is set to a value corresponding 
to the rotational direction of the motor of the lengthwise 
direction actuator 330, which has been driven in order to 
dispose the lens supporting frame 30 at the lengthwise 
direction moving center position. Similarly, the ?ag F2 is set 
to a value corresponding to the rotational direction of the 
motor of the lateral-direction actuator 340, which has been 
driven in order to dispose the lens supporting frame 30 at the 
lateral-direction moving center position. 

In step S424, the motors of the lengthwise-direction 
actuator 330 and the lateral-direction actuator 340 are 
stopped, then the process goes to the step S425. In step S425, 
the state of the power switch is detected. If the power switch 
is OFF, the process jumps to step S411 of FIG. 7 and the 
ending operation is performed as described above. If the 
power switch is ON, the process goes to step S426. In step 
S426, the state of the tremble preventing switch is detected. 
If the tremble preventing switch is OFF, the process returns 
to step S425, and if the tremble preventing switch is ON, the 
process goes to stop S406 of FIG. 6. Namely, the operations 
of steps S425 and S426 are repeatedly performed, until the 
power switch is OFF or the tremble preventing switch is ON. 

As described above, when it is judged that the tremble 
preventing switch is ON in steps S405 of FIG. 6 or S426 of 
FIG. 8, the process goes to step S406 of FIG. 6. In step S406, 
a lengthwise-direction counter and a lateral-direction 
counter are set to “0”. 

When the motor of the lengthwise-direction actuators 330 
is rotated clockwise to move the lens supporting frame 30 in 
the direction y2, the step amount of the motor is added to the 
value of the lengthwise-direction counter, and when the 
motor of the lengthwise-direction actuators 330 is rotated 
counterclockwise to move the lens supporting frame 30 in 
the direction y1, the step amount of the motor is subtracted 
from the value of the lengthwise-direction counter. 
When the motor of the lateral-direction actuator 340 is 

rotated clockwise to move the lens supporting frame 30 in 
the direction X2, the step amount of the motor is added to the 
value of the lateral-direction counter, and when the motor of 
the lateral-direction actuators 340 is rotated counterclock 
wise to move the lens supporting frame 30 in the direction 
X1, the step amount of the motor is subtracted from the value 
of the lateral-direction counter. 

Then, in step S407, a tremble preventing operation in the 
lengthwise direction is performed, and in step S408, a 
tremble preventing operation in the lateral direction is 
performed. In step S409, it is judged whether a predeter 
mined time has passed. The operation of step S409 is 
repeatedly performed until the predetermined time passes. 
After the predetermined time passes, the operations from 
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step S404 are performed. Accordingly, the tremble prevent 
ing operations of steps S407 and S408 are preformed once 
during the predetermined time. In the ?rst embodiment, the 
predetermined time is pre-set to 1 ms. 

FIGS. 9 and 10 indicate a process of the tremble prevent 
ing operation in the lengthwise-direction of step S407. 

In step S501, the lengthwise-direction angular speed, 
inputted to the controller 100, is converted to a digital data. 
In step S502, the lengthwise-direction angular displacement 
is calculated by integrating the digital data. In step S503, a 
driving pulse amount of the motor of the lengthwise 
direction actuator 330, namely the driving step amount of 
the actuator 330, is calculated based on the angular displace 
ment. When the motor of the actuator 330 is rotated 
clockwise, the driving pulse amount is attached with a plus 
sign When the motor of the actuator 330 is rotated 
counterclockwise, the driving pulse amount is attached with 
a minus sign 

In stop S504, it is judged whether the driving pulse 
amount equals “0”. If the driving pulse amount equals “0”, 
the tremble of the focused image viewed through the bin 
oculars has not occurred. Accordingly, the tremble prevent 
ing operation ends, and the process goes to step S408 of FIG. 
6. If the driving pulse amount does not equal “0”, the process 
goes to steps S505 of FIG. 10. 

In stop S505, it is judged whether the driving pulse 
amount is positive or negative. If the driving pulse amount 
is positive, namely if the motor of the lengthwise-direction 
actuator 330 is rotated clockwise, the process goes to step 
S506. If the driving pulse amount is negative, namely if the 
motor of the lengthwise-direction actuator 330 is rotated 
counterclockwise, the process goes to step S512. 

In step S506, the value of the ?ag F1 is checked. If the 
value of the ?ag F1 is “—1”, the process goes to step S507. 
As described above, the value “—1” of the ?ag F1 means that 
the motor of the lengthwise-direction actuator 330 had been 
rotated counterclockwise and the lens supporting frame 30 
was driven in the direction y1 (the up direction). Further, as 
judged in step S505, the driving pulse amount is positive and 
the motor of the actuator 330 is going to be rotated clock 
wise. Namely, the rotational motion of the motor of the 
actuator 330 is reversed, and accordingly it is necessary to 
cancel the play of the engaging portions (backlash) of the 
lengthwise-direction direct drive mechanism 332. Thus, in 
step S507, “2” is added to the driving pulse amount based on 
the driving step amount of the motor for canceling the play 
of the engaging portions, read out from EEPROM 101 in 
step S400 (see FIG. 6). 

Further, as the motor of the lengthwise-direction actuator 
330 is rotated clockwise, the ?ag F1 is set to “+1” in step 
S508, and then the process goes to step S509. 

In step S509, the motor of the actuator 330 is rotated 
clockwise by one step, and in step S510, the lengthwise 
direction counter is incremented by one. Then, in step S511, 
it is checked whether the driving pulse amount coincides 
with the lengthwise-direction counter. If the driving pulse 
amount does not coincide with the lengthwise-direction 
counter, the process returns to step S509. 

Namely, one clockwise step drive of the motor of the 
actuator 330 and the increment of the lengthwise-direction 
counter are repeatedly performed, until the driving pulse 
amount coincides with the lengthwise-direction counter. 
When the driving pulse amount coincides with the 
lengthwise-direction counter, the tremble preventing opera 
tion in the lengthwise-direction is completed by the driving 
of the motor of the actuator 330 by steps corresponding to 








